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Figure 1. Mild lytnphocytic infiltrate with exocytosis and spongi­
osis of the proximal nail matrix. 
pathology revealed psoriatic involvement of the ventral portion of 
the proximal nail fold and proximal nail matrix. Our pathologic 
study confirms that trachyonychia is not associated with a single 
pathologic picture. Trachyonychia is the clinical result of several 
inflammatory disorders that produce a mild multifocal disturbance 
of the nail matrix kinetics and keratinization. 
The inflammatory insult that produces trachyonychia affects 
the whole width of the proximal nail matrix, but the severity of the 
inflammation varies slightly within small adjacent areas of the 
matrix. The course of the inflammation together with the diffusion 
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of the inflammatory process within the nail matrix produce two 
different patterns of nail-plate-surface abnormalities. In sandpa­
pered nails, the total surface of the nail plate is abnormal, but the 
severity of the nail changes varies in different areas producing 
longitudinal ridging with scaling. This clinical picture indicates 
that the nail matrix is totally involved and that the inflammation 
presents exacerbations and remissions, but never ceases (remit­
tent trachyonychia). Peened nails (shiny trachyonychia) show a 
myriad of minuscular and superficial punctate depressions that 
correspond to foci of poorly adherent onychocytes that have 
fallen off. Between depressions, however, the nail plate looks 
quite normal, reflecting the presence of focal and regularly 
recurrent inflammatory insults to the nail matrix interrupted by 
periods of normal nail matrix function (intermittent tra­
chyonychia) . 
Although spongiotic changes are the most common pathologic 
finding in trachyonychia, the diagnosis of the disease that causes 
nail spongiosis remains speculative. The possibility that spongiotic 
trachyonychia represents a variety of alopecia areata limited to the 
nails is attractive and suggested by both clinical and pathologic 
fmdings. 
REFERENCES 
1. Tosti A, Morelli R. Bardazzi F, Peluso AM: Prevalence of nail abnormalities in 
children with alopecia areata. Pediatr Denllatol11:112-115, 1994 
2. Tosti A, Fanti PA, Morelli R, Bardazzi F: Trachyonychia associated with 
alopecia arcata. A clinical and pathological study. ] Am Acad Dcrl1latof 
25:266-270, 1991 
3. TOSli A, Bardazzi F, Piraccini BM, Fanti PA: Trachyonychia (twenty nail 
dystrophy): clinical and pathological study of 23 patients. Br) De,.",ato/ 
131:866-872,1994 
Structure and Function of Cutaneous Nerves 
Alopecia Areata 
• In 
Maria K. Hordinsky, William Kennedy, * Gwen W endelschafer-Crabb, * and Sunny Lewis 
Departments of Dermatology and 'Neurology, University of Minnesota Health Science Center, Minneapolis, Minnesota, U.S.A. 
T he idea of a neuronal hypothesis for the pathogenesis of alopecia areata (AA) is supported by observations of functional and morphologic abnormalities in ec­crine glands (EGs). We found that iontophoretic pilocarpine stimulation ofEG resulted in a significant 
reduction of sweat-droplet density and mean sweat-droplet size in 
20 AA patients as compared to age- and sex-matched controls [1]. 
This sweating deficiency led us to study the innervation of EGs in 
affected areas of the scalp using immunohistochemical and confocal 
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microscopic techniques that permitted visualization of the innerva­
tion of EGs in thick tissue sections. 
EGs were obtained by 4-mm punch biopsies of the scalp in four 
patients (three adults, one child) with extensive AA (>7.5%) and 
four normal adult control subjects. The tissue was immediately 
placed in 4°C Zamboni's paraformaldehyde/picric acid fi.-"ative for 
16 to 24 h, then transferred to a 20% sucrose phosphate-buffered 
saline solution and refrigerated until sectioned. Vertical sections 
(average 80 }Lm) were cut with a freezing sliding microtome. The 
association of protein gene product 9.5 (PGP 9.5), a cytoplasmic 
protein found in most adrenergic, cholinergic, and peptidergic 
neurons (Ultraclone, Isle of Wight, UK) with two neuropeptides, 
substance P (SP) (lncStar, Stillwater, MN) and calcitonin gene­
related peptide (CGRP) (Amersham, Arlington Heights, IL), was 
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Figure 1. Double labeling of one normal sweat EG (L) and one 
AA EG (R) to show size, structure, and PGP 9.5 and CGRP 
expression. Sections presented in a and b were stained with mouse 
monoclonal antibody to PGP 9.5 (red)/Cy 3.18-labeled goat anti-monse 
IgG and rabbit polyclonal antibody to CGRP (green)/Cy S.l8-labeled 
goat anti-rabbit IgG. a is a picture of 49 optical sections and b is a picture 
of 36 optical sections. All sections were collected at 2-fJ,m intervals with 
a lOX objective. A yellow color is seen where the expression of the two 
antibodies overlaps. (Scale bar, 200 fJ,m.) 
assessed by double labeling with primary antibodies from different 
species and appropriate secondary antibodies labeled with cyanine 
3.18 or cyanine 5.18 (Jackson ImmunoResearch, West Grove, PA). 
Tissue sections were dried, dehydrated, cleared, and mounted. 
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Sections were screened and the circumference of the best visualized 
EG was measured in these sections and in scalp biopsies from eight 
additional controls and nine AA patients . The EG was then 
examined further with either the MRC 600 or 1000 Confocal 
Imaging System (BioRad, Hercules, CA) . Images were collected in 
sequential 2-3-JLm serial optical sections and integrated into single 
in-focus images. Corresponding images stained with PGP 9.5 and SP 
or PGP 9.5 and CGRP were then overlayed to visualize both staining 
pattenu. 
In both normal and AA scalp , EGs were located in the reticular 
dermis. In normal scalp, glands were present at Or be low the 
hair-follicle bulge region, whereas in AA they were present 
independently as hair follicles were miniaturized and present at 
the level of the follicular infundibulum .  In both normal and AA 
samples, PGP 9.S-staining axons encircled the secretory tubules, 
virtually outlining the EG in some cases. Both patients and 
controls demonstrated variation in EG circumference ranging 
from 0.4 mm to 2.3 mm in the patients and from 0.4 mm to 2 
mm in the controls. 
Normal human EGs have been described as being reactive in 
different degrees to CGRP. Yet all EGs of the AA patients showed 
intense immunoreactivity with CGRP (Fig 1) [2]. SP expression 
was sparse in nerves of EGs from most controls and AA patients. 
However, one AA patient demonstrated significant SP expression . 
These provocative findings lend further support to the hypothesis 
that there is a neuronal abnormality in AA. Recently, the 
peripheral nervous system has been recognized as being an 
organized network that can deliver neuropeptides that modulate 
immunologic responses [3]. The neuropeptide CGRP has been 
shown to have a potent anti-inflammatory action and the 
neuropeptide SP has been described as being capable of inducing 
hair growth in the CS7BL/6 mouse model [4,5]. It is possible 
that not all neuropeptides produced in the sudomotor nerves are 
membrane bound and that some can diffuse from the EG to a ffect 
surrounding structures. In the case of AA, their affect would be 
on the hair follicle, the hair cycle, and the inflammatory reaction 
associated with AA. 
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